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Figure- 19. Dissolved oxygen readings from August 30-31 at the Harris secondary waste stabilization 
pond. Dotted line represents actual readings averaged for each 15 minute interval. The solid line 
represents a quadratic fit line. The method for estimating whole pond respiration rate (WPR) with a 
tangent draw could not be used, because the oxygen did not become under-saturated overnight. This 
means that very little respiration was occurring in this pond. 
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Figure 20. Concentrations of dissolved oxygen in the surface waters of 
waste stabilization ponds at Harris, MN from November, 1989 - November 
1990. Azide modification of the Winkler method was used. 
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Figure 21. Concentrations of dissolved oxygen in the surface water of 
waste stabilization ponds at Janesville, MN in November 1989 and from 
spring 1990 - November,1990. Azide modification of the Winkler method was 
used. 

64 



~ s 
= Q) 
bl) 
>... 
>< 
0 
.-c::, 
Q) 

> 
~ 

0 
Cf.) 
Cf.) . ~ 
0 

30 
St. Peter 
Pond 1 

20 

10 

• 

30 
Pond2 

20 
• 

10 

30 
Pond3 

20 

t 
10 t • 

0 
N D J F M A M J J A s 0 N 
1989 1990 

Date 
• Beginning of discharge events 

Figure 22. Concentrations of dissolved oxygen in the surface waters of waste 
stabilization ponds at St. Peter, MN in November 1989 and from spring, 1990 -
November 1990. Azide modification of the Winkler method was used. Copper 
sulfate treatments occurred in April, 1990 in pond 3. 
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Chemical and physical data from waste stabilization ponds 

Chemical and physical methods 

Alkalinity, or acid neutralizing capacity, ANC, was petformed by the end point titration 
method as stated in Standard Methods (APHA, 1989). Standardized 0.020 N sulfuric acid 
was added to 25 ml of sample to an endpoint of pH 4.6. 

Ammonia was analyzed on samples that were filtered and preserved in the field with 
concentrated sulfuric acid (0.8 ml/L of sample). Ammonium (NH4+) was analyzed 
manually by the Berthelot reaction (phenol-hypochloride method), as given in Standard 
Methods. 

Anions (N03-, N()i-, S042-, c1-) were determined by ion chromatography (Dionex Model 
10) after filtering the samples through 0.4 mm Nuclepore membrane filters. Cations 
(Ca2+, Mg2+,, Na+, K+) were measured by flame atomic absorption spectrophotometry 
(AAS), using instrument settings recommended by the instrument manufacturer. Prior to 
AAS, the samples were filtered through 0.4 mm Nuclepore membrane filters and acidified 
with Ultrex nitric acid. 

Biochemical oxygen demand (BOD5) analyses were petformed by the Minnesota 
Department of Health. Samples ·were delivered to that laboratory within 48 h of sample 
collection. Nitrification-inhibited 5 day BOD was petformed according the Standard 
Methods (APHA, 1989). 

Chlorophyll and phaeophytin were determined by the spectrophotometric method as 
described in Standard Methods. Chlorophyll was extracted with 90% acetone from 
samples preserved on glass fiber filters wrapped in foil to exclude light and frozen until 
analysis. 

Conductivity was measured with a YSI model 32 conductance meter. 

Phosphate as soluble reactive phosphate (SRP) was analyzed on samples that were filtered 
and preserved in the field with concentrated sulfuric acid (0.8 ml/L of sample). SRP was 
analyzed manually by the ascorbic acid-molybdate method as given in Standard Methods. 

Physical parameters such as temperature and pH were measured on unfiltered, unpreserved 
water samples. 

Total nitrogen was measured on unfiltered samples by converting all nitrogen forms to 
nitrate by alkaline persulfate oxidation and subsequent analysis of nitrate by the automated 
cadmium reduction method. 

Total organic carbon (TOC) was measured by converting the organic matter to C()i by 
persulfate/uv digestion and subsequent analysis by a Dohrmann IR gas analyzer. 

Total phosphorus was determined by the ascorbic acid method after persulfate digestion of 
unfiltered samples. 
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Total suspended solids (TSS) was measured according the the procedure in Standard 
Methods (APHA, 1989). A known volume of the sample was filtered through a pre­
weighed 0.45 mm standard glass-fiber filter. The residue on the filter was dried to a 
constant weight at 103 to 105°C in an oven. The increase in weight of the filter represents 
the TSS. 

Turbidity was measured on a Hach 2100A turbidimeter. 

At the beginning of the project in spring of 1990, analysis of TSS and ammonia was done 
by the Minnesota Department of Health using the standard methods described above. The 
rest of the analyses were performed in the laboratory of Dr. Patrick Brezonik at the 
University of Minnesota. 

Field measurements by MPCA 

Dissolved ·oxygen (DO) was measured by the modified Winkler method as described in 
Standard Methods (1989). This method was used not only to calibrate the YSI model 58 · 
DO meter, but to provide information on supersaturated oxygen levels over 20 mg/L. 

pH was measured with a Beckman model 11 pH meter with gel-filled electrode. 

Secchi depth was measured with a standard secchi disc as the depth in centimeters when the 
disc reappears after disappearing from view. 

Quality Control and Assurance Procedures 

1. Analytical measurements followed the procedures from the 17th edition of Standard 
Methods (APHA< 1989) except where more appropriate and better procedures exist, 
e.g. for total nitrogen. 

2. Analyses on duplicate samples (randomly determined) are done on at least 10% of the 
samples. 

3. Certified EPA standards are analyzed routinely every analytical run, to check on analyst 
performance. 

4. The laboratory is audited by the US EPA QA supervisory personnel approximately once 
a year, and any recommendations they provide for changes in QNQC practices are put 
into effect. 

5. Technicians are trained by experienced individuals before conducting analyses 
themselves, and their performance is reviewed routinely by their supervisors. 

6. Instruments are maintained according to manufacturer specifications. 
7. Where possible and appropriate, a variety of post-analytical checks are performed to 

determine data consistency and reliability. For example, ion balances and computed vs. 
measured conductance are evaluated routinely on samples analyzed for major ions. 

Chemical and physical data 

The reader is referred to the sections on the outstate survey and Tables 4, 5, 7, 9 and 10 
and the section on algae for information on the statistical relationships between the 
biological and the chemical data for this project. A few of the relationships will be 
mentioned here. See also the subpart on nitrogen and carbon budgets below. 
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Ammonia and nitrate 

The data for ammonia and nitrate by date and pond are given in Appendix 2. Unionized 
ammonia values were taken from the U.S. E.P.A. table of aqueous ammonia values (1979) 
for the concentration of ammonia, temperature and pH. The mean values for ammonia over 
all dates-are given in Table 12. This shows the expected higher ammonia in the primary 
ponds of the three sites. For an analysis of the mass balance on nitrogen in the ponds, see 
the section by Dr. Brezonik on nitrogen and carbon budgets. 

Plots of the ammonia data for all dates and ponds at Harris (Figure 23) show that spring 
ammonia values were the highest, and that ammonia increased again in the fall in all ponds. 
Maximum spring ammonia in Harris pond 3 was 6.6 mg/L on 4/9 right after ice-out. From 
the time of ice-out on, ammonia levels dropped until the minimum value in pond 3 was 
reached, 0.03 mg/L in the fall (10/9). In Janesville pond 3, the maximum spring values 
were 19 ( 4/17) , the minimum was 0.05 (9/18). For St. Peter pond 3, the maximum was 
20.1 mg/L ( 4/10), the minimum was 0.04 (10/2). At all three sites, the ammonia levels 
increased again in November (see Appendix 2). Unionized ammonia levels in the 
secondary ponds at the three sites was over 1 mg/L on only a few dates. 

In the outstate sites sampled in fall of 1990, ammonia values ranged from .04 mg/L at 
Clark's Grove and Fulda to 2.3 at Bird Island, the only site with ammonia over 1 mg/Lin 
September/October (see Table 8. 

Ammonia was not statistically significant in relation to Daphnia reproduction (bioassays) or 
field densities of Daphnia. It was significantly related to chlorophyll (p=.03, Table 7 in 
algae) with a negative slope and low r value (.23). Ammonia, a nutrient for algae, can be 
toxic to algae at higher pH. 

Harris pond 3 nitrate ranged from 18.1 to 17 5 µg/L, in Janesville pond 3 the range was 
2.2 to 191.1, and in St. Peter pond 3, from 2 to 121.8 µg/L (Appendix 2). Nitrate values 
for the outstate sites ranged from O at Cosmos to 30 at Bird Island (Table 8). 

Phosphorus 

The data for soluble reactive phosphate (SRP) and total phosphorus are given in 
Appendix 2. Maximum phosphate occurred in Harris pond 3 on 10/25 (3.86 mg/L), in 
pond 2 it occurred on 4/19 (4.18 mg/L), and in the primary pond on 4/30 (4.84). SRP 
values for Harris are plotted against Julian day in Figure 24. Mean phosphorus values for 
all dates are given in Table 12. In Janesville and St. Peter, the phosphate level was lower 
overall in the secondary ponds, but at Harris it was actually higher in pond 3 than in pond 
2. Around the time of fall discharge, SRP was well over 1 mg/L in the secondary pond at 
Harris. This can be explained by the low concentration of chlorophyll at Harris pond 3. 
See Table 7 in the section on algae for the significant relationship (p<.001) between 
chlorophyll and SRP for all data from all sites with the slope negative. This means that 
when the chlorophyll level or algae populations increases, the phosphate in the water 
decreases, as it is taken up by the algae. What is not explained is the higher mean total 
phosphorus in Harris pond 3 (Table 12). 
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pH 

Daily sutface pH values are listed in Appendix 3 and plotted in Figures 25, 26, and 27 for 
Harris, Janesville and St. Peter ponds. For data on pH through the water column and 
through the diurnal cycle, see Luck and Stefan (1990). The maximum pH at Harris was 
9.84 in pond 2 on 8/4/90. Pond 3 had pH values well over 9.0 in spring through June. At 
Janesville, the maximum pH was 9.74 in pond 3 on 6/15, at St. Peter it was 9.51 in the 
primary pond on 4/26. 

In the bioassays, Daphnia reproduction was significantly related to pH only for St. Peter 
pond 3 water (see Table 5 in the bioassay section), but the relation of pH to field densities 
of Daphnia was not significant (Table 4). Chlorophyll levels were significantly related to 
pH (p<.001, slope positive Table 7, as would be expected because the elevated pH is 
caused by the algal photosynthesis. The pH rises recorded in the ponds spring are the 
results of photosynthesis by the algae. 

Nitrogen and carbon budgets 

Nitrogen budgets for the Harris pond system are shown in Figures 28 and 30. The ponds 
are twice as efficient at nitrogen removal in the summer than in spring. During the 
summer, they are removing ~ 70 percent of the total N from the system. This is attributed 
to the higher levels of biological activity and subsequent use of nitrogen in cell mass 
production during summer. In spring, a larger percentage of nitrogen removal is ammonia 
volatilization. This is suggested by the fact that total ammonium concentrations are much 
higher in the spring (0.10-23 mg N/L in ponds 1 and 2). Denitrification is not an important 
removal mechanism for nitrogen because nitrate concentrations found in the ponds are very 
low (typically < 20 ppb as N). 

The summer nitrogen removal efficiency compares favorable with secondary activated 
sludge treatment. Typical removal efficiencies range between 10 - 20 percent removal for 
conventional treatment and 70 - 95 percent removal for systems with nitrification and 
denitrification treatment (U.S. EPA, 1975). The Harris system falls in the high end of the 
removal efficiency range reported by the EPA for oxidations ponds (0-90% removal). 

Given the fact that the Janesville and St. Peter ponds have much different operating 
efficiencies for suspended solids, it was expected that they also would have different 
removal rates for nitrogen. Total nitrogen concentrations were somewhat higher in these 
ponds, but influent data were not taken and a complete nitrogen mass balance therefore 
could not be done. Ammonium concentrations in both the St. Peter and Janesville systems 
were similar to those of the Harris system and they tended to increase from pond 1 to 
ponds 2 and 3. 

The total organic carbon (TOC) budget for the Harris system is shown in Figures 29 and 
30. In contrast to the mass balances for nitrogen, there is little difference between the 
spring and summer carbon removal efficiencies. This probably reflects the fact. that there is 
less dependence on algal growth for removal efficiency; sedimentation of volatile 
suspended solids and microbial oxidations is the primary removal mechanism for the pond 
system. In both seasons, about 80 percent of the influent carbon was removed in the 
primary pond. The main difference between the carbon and nitrogen mass balances is the 
increase in carbon mass in pond 2 in the summer period. This is attributed to high algal 
growth, which depleted the dissolved CO2, allowing C(h gas transfer from the atmosphere 
to occur. This is indicated by the occurrence of CO2 undersaturation in pond 2 during 
periods for high algal growth. 
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The carbon removal efficiency of the Harris system compares well with other treatment 
systems. The removal efficiency for BOD5 is in the 90 - 95 percent range (influent BOD5 
averaged 200 mg/L; effluent ~ 10 mg/L ). This compares well with secondary activated 
sludge (85-90% removal efficiency (2) ). TOC removal is in the 85 percent range, which 
again compares favorably to activated sludge (70-90% removal, Metcalf & Eddy 1990). 

Because influent concentrations were not measured at Janesville and St. Peter, quantitative 
mass balances for carbon cannot be computed. However, carbon removal for the St. Peter 
pond system should be similar to that at Harris because the TOC and BOD5 concentrations 
were similar in the two systems. The Janesville system exhibited elevated TOC levels in 
the second pond, however. In fact, Janesville pond 2 typically had higher TOC 
concentrations than the primary pond. The range for the second pond (17-36 mg C/L) is 
higher than that of any other pond studied except for Bellingham, Minnesota in September 
·1990. The explanation for this is uncertain. 
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Table 12. Mean values for phosphorus and nitrogen compounds in waste stabilization ponds April through 
November, 1990. Means in mg/L except nitrate (N03-), which is µg/L. SRP = soluble, reactive phosphorus, TP::;: 
total phosphorus, n = number of samples, HA= Harris, JA = Janesville, SP= St. Peter,# is pond number, SD is 
one standard deviation. · 

Phosphorus Nitrogen 
Site # SRP SD n TP SD n NH3 SD n NO3- SD n 

HA 1 2.55 .966 20 3.32 .936 14 15.66 10.583 17 48.99 47.69 17 

HA 2 1.87 .929 16 2.42 1.146 14 7.37 7.707 18 60.14 64.667 20 

HA 3 2.60 1.481 16 3.21 1.161 14 2.36 2.34 19 54.78 51.202 20 

JA 1 2.77 .935 4 2.77 .812 4 11.4 8.066 6 29 32.718 5 

JA 2 1.44 .346 4 2.42 1.02 4 9.42 7.75 5 31.52 29.895 5 

JA 3 1.04 .609 4 1.67 .402 4 6.96 7.639 6 40.6 36.364 5 

SP 1 2.62 .954 7 3.08 .819 6 6.58 3.775 7 115.41 254.83 7 

.SP 2 1.92 .669 7 1.99 .068 6 7.57 6.216 7 14.18 9.376 7 

SP 3 1.17 .583 7 1.30 .508 7 5.08 5.751 7 31.03 41.658 9 
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Figure 24. Plots of SRP phosphate values for Harris ponds by Julian 
date in 1990 (see text). 
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Figure 25. Surface pH at Harris ponds from November 1989 through 
November 1990. Samples were taken during the zooplankton sampling. 
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Figure 26. Smface pH at Janesville ponds from November 1989 through 
November, 1990. Samples were taken during the zooplankton sampling. 
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Figure 27. Surface pH at St. Peter ponds from November 1989 through 
November 1990. Samples were taken during the zooplankton sampling. 

76 

N 



-...,l 
-...,l 

Nitrogen flux in spring, 1990 

HARRIS 1 

251 Primary pond 

INFLUENT 

Nitrogen flux in summer, 1990 

604 

INFLUENT 

HARRIS 1 

Primary pond 

229 

309 

HARRIS 2 

Middle pond 

HARRIS 2 

Middle pond 

157 

267 

HARRIS 3 

Secondary pond 155 

--------- EFFLUENT 

HARRIS 3 

Secondary pond 174 

EFFLUENT 

Figure 28. Total nitrogen mass flux through the Harris pond system during the spring (March- June) and 
summer (June - October) seasons in 1990. Values shown are nitrogen estimates in kg. Squares 
symbolize the three stabilization ponds, the third pond is the secondary from which the effluent is 
discharged. 
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Appendix 1. HPLC analysis of waste stabilization pond algae pigments. 

Early in the project, filters of algae from Hanis, Janesville and St. Peter from November 
1989 - January 1991 were analyzed by Dr. Dan Engstrom at the U. of MN. by HPLC 
analysis (high pressure liquid chromatography) for the various chlorophyll and carotenoid 
pigments found in algae. The intention of this work was to see if the composition of algal 
populations could be detected by HPLC analysis alone. The method used for HPLC 
pigment analysis of algae by Dr. Engstrom is given below, followed by a summary of the 
results. 

For the HPLC analysis, pigments were extracted from filters by soaking them for 24 h at 
4oC in a mixture of acetone, methanol and water (80:15:5 by volume), followed by 
centrifugation and filtration through 0.2mm Gelman Nylaflow membrane filters. 
Carotenoid and chlorophyll concentrations were quantified by RP-HPLC, reverse phase, 
high-pressure liquid chromatography, modified from Mantoura and Llewellyn, 1983. A 
Hewlett Packard 1090 HPLC mainframe equipped with a diode-array spectrophotometric 
detector and HP-310 microcomputer workstation. Analytical separation was achieved by 
isocratic delivery (1.0 ml min-1) of mobile phase A (10% IPR-ion paring reagent, 10% 
water, 80% methanol) for one minute, followed by a 9-minute linear gradient to 100 
percent phase B (20% acetone, 80% methanol), _and an isocratic hold at 100% B for 13 
minutes. The column was re-equilibrated by a 2-minute linear gradient to 100% A and a 5 
minute hold. The IPR contained 1.5 g tetrabutyl ammonium acetate and 7. 7 g ammonium 
acetate in 100 ml water. Samples were scanned for absorbance at 409,435,473, and 492 
nm, relative to a reference at 545 nm. 

The HPLC system was calibrated by measuring sample absorbance at 435 nm on a 
Beckman model-24 spectrophotometer, and calculating pigment concentration from the 
portion of absorbance due to the pigment of interest (base on the 435-nm HPLC 
chromatogram), and specific extinction coefficients from Namtoura and Llewellyn (1983) 
and Daview (1976). HPLC calibrations represent mean values from a selection of samples 
and standards with strong, chromatographically pure HPLC spectra. Pigments were 
identified by comparing retention times (relative to chlorophyll a) and spectral 
characteristics with values obtained from commercial standards, pigments isolated from 
algal cultures, and published absorbance maxima. 

For analysis of algae types based on HPLC pigment analysis, the pigment composition as 
described in Lee (1980) was used. 

Results of HPLC analysis 

Filters from samples taken in fall of 1989 and early winter from Hanis, Janesville, St. 
Peter, and four other sites were analyzed chromatographically by HPLC. The goal of this 
work was to test whether pigment analysis could clarify the algal composition of the ponds, 
and whether it could take the place of microscopic identifications of algae ( the rapid 
assessment method). The major groupings of algae are different, for instance in the types 
of chlorophyll. Bluegreen algae have chlorophyll a only, green algae have both chlorophyll 
a and b. Other groups have chlorophylls a and c. The algae also differ in many of their 
carotenoid pigments, although all algae have b-carotene (Lee, 1980). Often called 
'accessory pigments,' carotenoids assist in trapping light in photosynthesis. 

Overall, the criteria used here for pigment analysis was correct for identifying the presence 
of Cryptomonas 7 n times, with some question about the presence of alloxanthin at three 
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sites, when Cryptomonas was not observed microscopically. Pigment analysis identified 
the presence of green algae every time they were present. On two occasions, (St. Peter 
Pond 3 and Kiester pond 2) there was no violaxanthin detected when green algae were 
present. Prediction of bluegreen algae by pigment analysis was correct for 6/9 of the 
samples. For 3 samples, bluegreens were present but not detected by pigment analysis. 
One of these samples, JA2, had high concentrations of Oscillatoria as well as green algae. 
It is possible the spectra for the green algae may have covered the oscillaxanthin peak (Dr. 
Engstrom, pers comm). 
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Appendix 2. Values for ammonia-N and unionized ammonia (mg/L), 
nitrate (mg/L), soluble reactive phosphate (SRP, mg/L) and total 
phosphorus (mg/L) for Harris (HA), Janesville (JA), and St. Peter (SP) 
waste stabilization ponds from November 1989 through November 1990. 
Unionized ammonia (NH3-un) values are from the U.S. E.P.A.,1979. 

Date Site Pond NH3 NH3-un NO3 SRP TP 
4/9/90 HA 1 25.4 0.13 0 3.17 
4/9/90 HA 2 18.2 0.14 20.5 1.53 
4/9/90 HA 3 6.56 0.01 123.3 2.11 

4/12/90 HA 1 26 0.18 6.8 1.07 
4/12/90 HA 2 18.1 0.13 3.6 3.6 
4/12/90 HA 3 6.14 0.05 107.4 2.52 
4/16/90 HA 1 28.4 0.4 31.9 1.93 3.08 
4/16/90 HA 2 18.8 2.35 35.8 2.17 2.82 
4/16/90 HA 3 5_·g4 0.73 29.1 1.75 4.14 
4/19/90 HA 1 30.6 23.04 0 3.58 
4/19/90 HA 2 18.6 0.28 0 4.18 
4/19/90 HA 3 4.9 0.58 34.4 1.83 
4/23/90 HA 1 32.6 0.78 2.2 1.71 2.98 
4/23/90 HA 2 17.4 0.7 49 2.52 4.44 
4/23/90 HA 3 3.34 0.84 18.1 0.45 3.81 
4/30/90 HA 1 24.2 0.3 21.1 4.84 
4/30/90 HA 2 15.8 0.17 23.6 2.57 
4/30/90 HA 3 0.6 0.22 175.3 1.27 
5/4/90 HA 1 12.9 3.14 4.62 
5/4/90 HA 2 20.5 3.9 4.96 
5/4/90 HA 3 14.7 0.79 1.55 
sn190 HA 1 24.2 1.84 191.1 3.73 
5n;90 HA 2 13.8 3.66 92.4 2.69 
5n;90 HA 3 0.2 0.13 35.8 0.48 
5/14/90 HA 1 22.6 3.12 35.2 
5/14/90 HA 2 10.2 4.59 148.1 

· 5/14/90 HA 3 0.66 
_/ 

0.34 84.5 
5/21/90 HA 1 22 2.27 89.7 2.71 
5/21/90 HA 2 8.2 3.62 279 1.61 
5/21/90 HA 3 5.26 1.41 2.44 
5/29/90 HA 1 18.6 0.97 
5/29/90 HA 2 5.04 3.1 
5/29/90 HA 3 4.98 0.83 
6/6/90 HA 1 15.6 3.85 24.8 2.65 3.55 
6/6/90 HA 2 3.54 2.73 84.5 1.32 2.36 
6/6/90 HA 3 1.57 0.24 175.4 2.64 4.22 
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Appendix 2( con). 

Date Site Pond NH3 NH3-un NO3 SRP TP 
7/5/90 HA 1 3.6 1.39 17.7 0.9 4.22 
7/5/90 HA 2 0.68 0.39 22.9 2.28 2.73 
7/5/90 HA 3 0.84 0.17 27.4 2.84 3.64 
7/28/90 HA 1 5.26 2.2 1.99 5.43 
7/28/90 HA 2 4.2 0.32 32.5 0.995 1.5 
7/28/90 HA 3 1.68. 0.12 2.23 3.81 
8/4/90 HA 1 6.3 0.35 83.2 2.83 2.81 
8/4/90 HA 2 0.14 0.11 26.8 0.95 1.06 
8/4/90 HA 3 0.18 0.06 27.4 1.21 3.08 
8/30/90 HA 1 0.19 0.14 37.8 1.96 2.24 
8/30/90 HA 2 0.03 0.02 47.5 2.35 3.13 
8/30/90 HA 3 4.53 1.71 25.4 2.44 2.52 
9/13/90 HA 1 2.88 0.63 50.8 2.31 3.06 
9/13/90 HA 2 0.06 0.04 23.5 2.1 2.28 
9/1_3/90 HA 3 0.05 0.02 18.3 · 2.03 2.41 
9/25/90 HA 3 0.05 18.3 1.41 
9/29/90 HA 1 31.3 3.25 2.51 
9/29/90 HA - 2 24.8 1.44 1.48 
9/29/90 HA 3 20.3 1.59 1.38 
10/9/90 HA 1 8.56 0.25 52.1 1.93 2.55 
10/9/90 HA 2 0.17 0.05 102.7 0.87 1.17 
10/9/90 HA 3 0.03 0.01 19.6 1.16 1.38 

10/25/90 HA 1 10.72 0.02 76.7 2.55 2.94 
10/25/90 HA 2 0.3 0 108.5 1.7 1.92 
10/25/90 HA 3 0.49 0 31.3 3.86 3.88 
11/6/90 HA 1 14.04 0.1 96.2 3.29 3.81 
11/6/90 HA 2 0.19 0.01 56.6 1.65 1.95 
11/6/90 HA 3 1.01 0 54 4.5 4.69 

11/20/90 HA 1 2.7 1.53 2.72 
11/20/90 HA 2 0 0.61 2.05 
11/20/90 HA 3 55.5 1.91 4.44 
3/27/90 JA 1 21.6 
3/27/90 JA 2 20.7 
3/27/90 JA 3 18 
4/5/90 JA 1 20.4 0.18 
4/5/90 JA 2 20 0.16 
4/5/90 JA 3 15.9 0.16 

4/17/90 JA 1 21.8 0.35 
4/17/90 JA 2 19.6 0.33 
4/17/90 JA 3 19 0.78 
5/1/90 . JA 1 19.2 0.84 
5/1/90 JA 2 11.3 0.81 
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Appendix 2 (con). 

Date Site Pond NH3 NH3-un NO3 SRP TP 
5/1/90 JA 3 9.98 0.37 
5/15/90 JA 1 10.2 2.48 10.5 1.05 2 
5/15/90 JA 2 11.2 0.34 2.7 0.92 1.66 
5/15/90 JA 3 6.22 2.23 72.3 0.5 1.6 
6/15/90 JA 1 5.88 3.72 
6/15/90 JA 2 4.54 1.65 
6/15/90 JA 3 0.36 0.28 
7/12/90 JA 1 2.84 0.24 5.5 1.93 2.28 
7/12/90 JA 2 3.46 0.69 3.4 1.55- 2.17 
7/12/90 JA 3 0.29 0.12 2.7 1.88 2.12 
8/17/90 JA 1 4.1 0.48 
8/17/90 JA 2 0.25 0.19 
8/17/90 JA 3 0.25 0.04 
9/18/90 JA 1 1.22 0.07 86.2 2.12 
9/18/90 JA 2 0.06 0 27.5 0.89 
9/18/90 JA 3 0.05 0.01 4.9 · 0.66 
10/16/90 JA 1 5.63 0.07 21.3 3 2.98 
10/16/90 JA 2 5.87 0.07 68.3 1.64 3.92 
10/16/90 JA 3 0.18 0.04 42.9 0.7 . 1.8 
11/13/90 JA 1 12.55 0.09 21.5 2.97 3.82 
11/13/90 JA 2 6.66 0.37 55.7 1.63 1.94 
11/13/90 JA 3 6.36 0.35 80.2 1.06 1.16 
4/10/90 SP 1 13.1 1.59 
4/10/90 SP 2 9.76 1.16 
4/10/90 SP 3 20.1 1.89 
4/26/90 SP 1 4.82 2.8 18.9 2.86 
4/26/90 SP 2 20.2 1.62 9 2.97 
4/26/90 SP 3 3.12 1.68 79.5 1.5 
5/8/90 SP 1 7.36 0.46 26.4 2.52 2.68 
5/8/90 SP 2 14.8 2.89 21.5 2.36 2.81 
5/8/90 SP 3 10 1.21 21.5 1.55 1.61 
6/28/90 SP 1 6.8 0.9 
6/28/90 SP 2 7.64 1.26 0 
6/28/90 SP 3 5.98 0.45 2.1 
7/12/90 SP 1 6.24 2.55 1.74 
7/12/90 SP 2 0.12 0.6 1.81 1.29 
7/12/90 SP 3 3.34 0.12 5.2 2.03 1.57 
7/28/90 SP 1 5.26 0.12 2 1.29 2.54 
7/28/90 SP 2 4.2 0.12 1.87 
7/28/90 SP 3 1.68 0.12 2 1.34 1.18 
8/16/90 SP 1 4.34 1.27 
8/16/90 SP 2 3.42 0.72 
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Appendix 2 (con). 

Date Site Pond NH3 NH3-un NO3 SRP TP 
8/16/90 SP 3 1.77 0.17 
9/18/90 SP 1 0.32 0.02 693 2.55 2.6 
9/18/90 SP 2 0.19 0.07 9.5 2.15 2.36 
9/18/90 SP 3 0.07 0.02 25.3 0.73 0.9 
10/2/90 SP 1 3.21 0.05 20.7 1.64 2.45 
10/2/90 SP 2 0.66 0.05 18.2 0.94 1.06 
10/2/90 SP 3 0.04 0.02 8 0.26 0.71 

10/31/90 SP 1 12.56 1.18 18.8 3.42 3.83 
10/31/90 SP 2 7.79 0.06 23.1 1.86 2.06 
10/31/90 SP 3 4.57 0.04 13.9 0.92 0.98 
11/13/90 SP 1 8.32 0.78 28.1 4.04 4.39 
11/13/90 SP 2 7.02 0.06 24.7 1.32 2.37 
11/13/90 SP 3 5.16 0.04 121.8 1.38 2.17 
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Appendix 3. Data on dissolved oxygen (DO), total suspended solids (TSS), chlorophyll a (mg/L), 
alkalinity (meq/L), conductivity (mnu/cm), temperature (C), and secchi depth (cm) from waste 
stabilization ponds at Harris (HA), Janesville (JA), and St. Peter (SP), MN from November 1989 -
November 1990. 

Date Site Pond Alk Cond Temp pH DO TSS Chlorophyll Secchi 
11/21/89 HA 1 242 
11/21/89 HA 2 149.5 
11/21/89 HA 3 125.5 
2/1/90 HA 1 13.35 
2/1/90 HA 2 10.34 
2/1/90 HA 3 13.61 
3/23/90 HA 1 795 20.21 
3/23/90 HA 2 640 4.01 
3/23/90 HA 3 840 8.5 
4/6/90 HA 1 310 763 
4/6/90 HA 2 360 695 
4/6/90 HA 3 330 675 
4/9/90 HA 1 430 780 7.49 34 0 
4/9/90 HA 2 310 740 7.65 6.8 10.27 
4/9/90 HA 3 320 720 8.24 18 46.28 
4/12/90 HA 1 480 830 6.4 7.71 0 21 8.01 17.86 
4/12/90 HA 2 440 805 6.2 7.73 0 13 10.68 29.41 
4/12/90 HA 3 330 795 7.2 8.71 16.6 14 98.79 33.33 
4/16/90 HA 1 370 815 9 7.71. 0 20.4 2.67 25.64 
4/16/90 HA 2 380 785 9 7.93 0 16.02 30.3 
4/16/90 HA 3 300 740 9 8.92 17.5 16.8 21.36 52.63 
4/19/90 HA 1 10 7.61 0 9.2 1.76 20 
4/19/90 HA 2 10 7.91 0 15 31.41 26.32 
4/19/90 HA 3 10 8.86 14.1 5.6 40.82 52.63 
4/23/90 HA 1 390 1021 19 7.82 0 16 23.26 
4/23/90 HA 2 390 960 19 8.05 2.57 18 29.41 
4/23/90 HA 3 320 880 18 9.18 17.6 15 34.48 
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Appendix 3(con). 

Date Site Pond Alk Cond Temp pH DO TSS Chlorophyll Secchi 
4/27/90 HA 1 450 874 
4/27/90 HA 2 350 805 
4/27/90 . HA 3 300 748 
4/30/90 HA 1 340 880 11 7.8 0 21 35.6 20.83 
4/30/90 HA 2 320 852 11 8.11 3.05 13 64.08 27.78 
4/30/90 HA 3 280 775 11 9.45 12.8 7.6 37.38 58.82 
5/4/90 HA 1 450 910 
5/4/90 HA 2 360 815 
5/4/90 HA 3 230 710 
5n190 HA 1 345 921 21 8.25 10.3 35 168.2 15.38 
5n190 HA 2 325 829 19 8.99 26.1 39 154.9 22.22 
5n190 HA 3 256 655 19 9.66 16 4.8 5.33 66.67 

5/14/90 HA 1 240 890 18 8.67 8.8 110 307.1 12.05 
5/14/90 HA 2 300 801 17 9.41 24.4 55 273.7 19.61 
5/14/90 HA 3 268 796 16 9.58 5.7 4 2.67 142.86 
5/21/90 HA 1 364 860 20.5 8.45 20.5 55 133.5 19.61 
5/21/90 HA 2 252 865 19 9.33 1.25 70 173.5 15.38 
5/21/90 HA 3 242 908 17 9.06 · 16.2 15 20.03 38.46 
5/29/90 HA 1 18 8.2 0.4 22 50 
5/29/90 HA 2 17 9.7 9.7 48 30.3 
5/29/90 HA 3 17 8.8 8.8 2 166.67 
6/5/90 HA 1 193.6 
6/5/90 HA 2 206.9 
6/5/90 HA 3 8.01 
6/6/90 HA 1 280. 743 19 8.95 22.7 52 23.81 
6/6/90 HA 2 240 628 19.5 9.96 20.1 40 20.83 
6/6/90 HA 3 320 705 · 21 8.63 21 6 58.82 

6/22/90 HA 1 22 8.86 5.26 23 47.62 
6/22/90 HA 2 22 10.1 16.5 35 . 32.26 
6/22/90 HA 3 23 8.27 3.39 5.4 76.92 
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Appendix 3(con). 

Date Site Pond Alk Cond Temp pH DO TSS Chlorophyll Secchi 
7/5/90 HA 1 240 580 27 8.98 13.4 20 186.9 32.26 
7/5/90 HA 2 280 591 26 9.35 12.6 14 42.72 37.04 
7/5/90 HA 3 380 650 26.5 8.61 2.7 4 2 142.86 

7/19/90 HA 1 28 8.44 24.8 44 28.57 
7/19/90 HA 2 26.5 9.43 2.66 18 34.48 
7/19/90 HA 3 27 8.44 6.68 2 71.43 
7/28/90 HA 1 27.5 9.03 24.2 31 222.5 29.41 
7/28/90 HA 2 25.3 8.15 4.38 16 240.3 29.41 
7/28/90 HA 3 25 8.14 1.2 24 8.9 32.26 
8/4/90 HA 1 290 674 24 8.05 1.48 16 115.7 27.03 
8/4/90 HA 2 250 608 24 9.84 9.33 16 160.2 43.48 
8/4/90 HA 3 270 634 25 8.95 8.18 1.4 8.9 166.67 

8/30/90 HA 1 270 610 27 9.61 34.6 729.8 15.87 
8/30/90 HA 2 260 585 27 9.45 16.9 46.21 28.57 
8/30/90 HA 3 240 640 27 8.97 11.6 2.67 200 
9/11/90 HA 1 210.3 

I 

9/11/90 HA 2 114.8 
9/11/90 HA 3 8.01 
9/13/90 HA 1 270 738 23 8.75 7.55 48.9 32.26 
9/13/90 HA 2 260 693 24 9.48 15.9 -37.8 33.33 
9/13/90 HA 3 250 733 24 9.14 8.86 2.5 142.86 
9/25/90 HA 3 -830 17 14.4 1.5 76.92 
9/29/90 HA 1 370 700 
9/29/90 HA 2 300 580 
9/29/90 HA 3 290 680 
10/9/90 HA 1 310 1027 12 8.14 8.05 29.3 122.8 27.78 
10/9/90 HA 2 240 840 13 9.25 17.5 20.5 130.8 29.41 
10/9/90 HA 3 240 834 12.2 8.94 9.6 11.9 24 66.67 

10/25/90 HA 1 315 1185 5.9 8.04 6.45 31.3 170.9 23.81 
10/25/90 HA 2 240 953 5.5 8.5 11.2 16.9 101.5 41.67 
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Appendix 3 (con). 
Date Site Pond Alk Cond Temp pH DO TSS Chlorophyll Secchi 

10/25/90 HA 3 240 958 5.5 8.45 9.43 1 2.14 83.33 
11/6/90 HA 1 330 1138 5.3 7.75 3.5 16 149.5 23.81 
11/6/90 HA 2 240 920 4.6 8.79 13.5 16 85.4 40 
11/6/90 HA 3 270 962 4.6 7.96 8.55 3 1.6 71.43 

11/20/90 . HA 1 330 1048 181.6 
11/20/90 HA 2 240 869 106.8 
11/20/90 HA 3 260 915 75.8 
3/27/90 JA 1 1991 17 
3/27/90 JA 2 1777 15 
3/27/90 JA 3 1856 16 
4/5/90 JA 1 7.5 7.8 
4/5/90 JA 2 7 7.73 
4/5/90 JA 3 6 7.88 

4/17/90 JA 1 7.5 8.02 0 20 
4/17/90 JA 2 7.5 8.06. 1.7 29.41 
4/17/90 JA 3 7 8.47 12.8 25 
5/1/90 JA 1 11 8.36 15.2 36 22.22 
5/1/90 JA 2 9.5 8.64 15.5 85 15.87 
5/1/90 JA 3 9.5 8.34 4.85 1.6 40 
5/15/90 JA 1 15 9.07 8.9 26 287 25 
5/15/90 JA 2 15 8.05 1.9 30 48.06 25 
5/15/90 JA 3 15 9.31 17.5 67 342.7 20 
6/15/90 JA 1 320 25.4 9.47 27.6 50 287.5 22.73 
6/15/90 JA 2 340 25 9.09 11.8 69 94.74 10.99 
6/15/90 JA 3 300 25.7 9.74 41.6 73 200 14.08 
7/12/90 JA 1 290. 21 8.34 4.85 42 50.86 24.39 
7/12/90 JA 2 380 20 8.8 8.1 120 610.3 24.39 
7/12/90 JA 3 330 21 9.21 11.4 150 519 14.93 
8/17/90 JA 1 27 8.3 21 12.05 
8/17/90 JA 2 27.1 9.7 210 9.01 
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Appendix 3 (con). 

Date Site Pond Alk Cond Temp pH DO TSS Chlorophyll Secchi 
8/17/90 JA 3 26.6 8.45 180 5 
9/18/90 JA 1 380 1644 15 8.33 5.45 40 106.8 
9/18/90 JA 2 320 1658 13.2 8.5 7.15 154 271.9 
9/18/90 JA 3 400 1584 15 8.9 10.5 118 333.8 5.41 
10/16/90 JA 1 1810 10.3 7.82 1.13 7.8 38.46 
10/16/90 JA 2 9.6 7.77 9.1 114.6 5.59 
10/16/90 JA 3 1708 9.5 8.88 10.6 133 4.2 
11/13/90 JA 1 485 2280 5 7.77 Q.17 14 0 
11/13/90 JA 2 460 2420 4 8.7 12.8 38 112.1 
11/13/90 JA 3 450 4 8.7 14.5 51 192.2 12.05 
3/27/90 SP 1 9.3 29.07 
3/27/90 SP 3 7.7 38.02 
4/10/90 SP 1 10.5 8.85 15.9 34 18.52 
4/10/90 SP 2 8.86 0 44 
4/10/90 'SP 3 9.5 8.76 8.76 6 26.32 
4/26/90 SP 1 21 9.51 13.2 24 20 
4/26/90 SP 2 21 8.31 8.35 27 20 
4/26/90 SP 3 20.5 9.47 10 24 26.32 
5/8/90 SP 1 192 1640 18.5 8.28 2.05 14 32.04 34.48 
5/8/90 SP 2 430 1795 8.81 5.7 18 80.1 
5/8/90 SP 3 360 1765 20 8.54 1.2 11 14.69 50 
6/28/90 SP 1 250 1310 26 8.4 3.3 21 37.38 47.62 
6/28/90 SP 2 230 1437 26 8.51 6.87 24 32.04 43.48 
6/28/90 SP 3 260 1520 27 8.09 9 8.01 76.92 
7/12/90 SP 1 260 2060 21 9.21 11.4 12 12.86 14.93 
7/12/90 SP 2 21 9.21 11.4 12.05 
7/12/90 SP 3 250 2110 21 9.21 11.4 25 31.55 12.05 
7/28/90 SP 1 250 1715 25 8.14 1.2 24 347~1 32.26 
7/28/90 SP 2 270 1951 25 8.14 1.2 24 44.5 28.57 
7/28/90 SP 3 150 1146 25 8.14 1.2 24 44.5 28.57 
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Appendix 3 ( con). 

Date Site Pond Aile Cond TemE pH DO TSS Chlorophyll Secchi 
8/16/90 SP 1 27 8.8 13 63 15.87 
8/16/90 SP 2 27.5 8.6 6.34 20 37.04 
8/16/90 SP 3 27 8.2 1.01 12 62.5 
9/18/90 SP 1 290 2310 16.5 8.26 5.1 57 66.75 
9/18/90 SP 2 270 2210 16.7 9.29 5.25 36 28.03 
9/18/90 SP 3 250 2160 18 9.19 10 31 36.05 10 
10/2/90 SP 1 330 2400 15 7.73 2.6 23 73.42 30.3 
10/2/90 SP 2 290 2290 16 8.46 3.57 31.6 56.07 47.62 
10/2/90 SP 3 240 2170 16 9.29 14.2 12.5 72.09 40 
10/31/90 SP 1 370 3014 7 8.85 1.25 6 22.25 40 
10/31/90 SP · 2 320 2726 8 7.7 1.05 5.5 8.01 111.11 
10/31/90 SP 3 290 2652 7 7.77 3.85 7.5 16.02 76.92 
11/13/90 SP 1 390 2520 7 8.85 4.55 22 30.71 
11/13/90 SP 2 340 2340 8 7.7 3.95 9 4.27 
11/13/90 SP 3 320 7 7.77 5.2 11 5.34 50 
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Appendix 4. Values for ions from waste stabilization ponds at Harris (HA), 
Janesville (JA), and St. Peter (SP), MN. Calcium, magnesium (Mg), sodium 
(Na), potassium (K) and chloride (Cl) are mg/L, sulfate (S04) is mg/L. 

Date Site Pond Calcium Mg Na K Cl SO4 
4/9/90 HA 1 48 21 106 15 143 20 
4/9/90 HA 2 58 25 126 13 110 14 
4/9/90 HA 3 53 23 121 14 118 23 
5/4/90 HA 1 52 22 128 12 111 17 
5/4/90 HA 2 55 24 117 12 
5/4/90 HA 3 38 24 117 12 113 16 
8/4/90 HA 1 49 20 89 10 83 15 
8/4/90 HA 2 40 19 107 10 90 11 
8/4/90 HA 3 49 20 102 · 10 92 9 
10/9/90 HA 1 55 22 113 13 95 18 
10/9/90 HA 2 51 21 97 10 87 22 
10/9/90 HA 3 46 20 103 13 86 12 
5/15/90 JA 1 95 27 380 13 239 
5/15/90 JA 2 88 ~ ___ 297 13 80 - 2:St 

,•~ . -~ 

5/15/90 JA 3 78 26 342 12 203 
10/16/90 JA 1 113 32 261 9 52 
10/16/90 JA 2 106 31 342 11' 490 
10/16/90 JA 3 83 29 260 89 339 
5/8/90 SP 1 90 29 331 18 504 167 

::~pc 

5/8/90 SP 2 93 31 337 19 528 121 
5/8/90 SP 3 9~ 31 335 19 537 119 
10/2/90 SP 1 107 34 341 19 492 131 
10/2/90 SP 2 91 30 324 18 469 147 
10/2/90 SP 3 68 28 326 19 475 122 
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